INTRODUCTION
Mitochondrial configurational changes have been described during the cleavage stages of mouse embryos (Hillman & Tasca, 1969; Stern, Biggers & Anderson, 1971 ;  Pikó & Chase, 1973) . These changes occur between the two-cell and late four-to early eight-cell stages, the late eight-cell and late morula stages, and the late morula and late blastocyst stages of development (Hillman & Tasca, 1969;  Nadijcka & Hillman, 1975 ). Significant differences in the levels ofATP synthesis are also found between these same preimplantation stages (Ginsberg & Hillman, 1973) . The data suggest that an altered concentration or availability of energy coupling sites at these specific times might account for the observed differences in the levels of ATP synthesis.
This study was undertaken to determine the comparative activity of the three mitochondrial energy-coupling sites during cleavage and blastocyst stages. Comparative activity can be established by using site-specific inhibitors and by assaying the effect of these inhibitors on the levels of total ATP and ATP syn¬ thesis both within and between specific developmental stages. The inhibitors used in the present study were amytal (Site I), antimycin (Site II) and cyanide (Site III). In addition, a series of studies were undertaken to compare the actual and potential aerobic rates of ATP synthesis by preimplantation embryos. (Nadijcka & Hillman, 1975 -7 m), or cyanide (IO-4 m) were (1) that the inhibitor gave a significant decrease in total ATP after a short treatment for 10 min, and (2) that the embryos continued to develop to the blastocyst stage after treatment for 1 hr followed by reincubation in standard medium. The second criterion was not used for antimycin since its inhibitory effect is pseudoreversible (Slater, 1973) .
Twenty-five to thirty embryos at various cleavage stages were cultured (Brinster, 1963) for 10 min in medium containing the specific inhibitor. Similar numbers of control embryos at corresponding stages were incubated for the same length of time in non-supplemented medium. At the end of the treatment, both the experimental and control embryos were immediately collected and the total ATP of each sample was assayed by a modified luciferin-luciferase method (Ginsberg & Hillman, 1973) .
Gross ATP synthesis (Ginsberg & Hillman, 1973) was determined in control and experimental embryos after incubation of embryos at known cleavage stages for 1 hr in medium containing either 32P04 alone or in combination with a specific inhibitor. These experiments involved two-cell, eight-cell, and early morula stage embryos. The 32P-labelled H2P04 (HCl-free) was obtained from International Chemical and Nuclear Corp., Waltham, Massachusetts (sp. act., 285 Ci/mg) and diluted to 150,000 ct/min/10 µ medium before use (Ginsberg & Hillman, 1973) . Each inhibitor experiment was performed at least four times at each specified developmental stage.
Metabolism of ATP with supplemented succinate Brinster's medium received additions of 10 mM-succinate ; the pH of the medium was adjusted to 6-8 and the osmolarity was corrected by decreasing the concentration of sodium chloride (Biggers & Brinster, 1965; Brinster, 1965 Cyanide; Site HI The effects of incubation in 10~4 M-cyanide, which were reported earlier (Ginsberg & Hillman, 1973) (Ginsberg & Hillman, 1973 (Ahmad, Schneider & Strong, 1950) . At the eight-cell stage, a fivefold greater concentration of antimycin is required to give results comparable to those of the other two inhibitors.
The inhibitory concentration of antimycin, unlike that of cyanide or amytal, is proportional to the availability or concentration of the cytochromes (Slater, 1973) . The higher inhibitory concentration of antimycin required at the eightcell stage indicates, therefore, that either the concentration or availability of the cytochromes increases between the two-cell and eight-cell stages, since such an increase could effect the increased rate of oxidative phosphorylation which begins at the late four-cell/early eight-cell stages (Ginsberg & Hillman, 1973) .
Alternatively, the higher rate of ATP metabolism observed at the late fourcell stage could result from increased rates of TCA cycle activity. The high ATP/ADP ratio of embryos at the two-cell stage (Ginsberg & Hillman, 1973) would reduce the activity of TCA cycle enzymes, notably isocitrate dehydrogenase (IDH), thereby decreasing the rate of oxidative phosphorylation (Atkinson, 1965) . Although there are data which indicate that IDH is functional at the two-cell stage (Wales & Whittingham, 1973) Mills & Brinster (1967) noted a large increase in 02 uptake starting at the late morula stage, other data have shown no accompany¬ ing increase in ATP synthesis (Ginsberg & Hillman, 1973) . These conditions (high 02 uptake, low ATP synthesis) suggest that the late morula mitochondria are uncoupled (Wainio, 1970) . The ultrastructural appearance of mitochondria in late morulae mouse embryos corroborate this hypothesis since they are large, multivacuolated and contain a matrix of low density (Hackenbrock, 1968; Hillman & Tasca, 1969 (Koobs, 1972) . The present data also show that amytal, antimycin (5 -7 µ) and cyanide have reduced effect¬ iveness on aerobic respiration at the late morula stage that could be caused by a decrease in aerobic ATP production and an increase in glycolytic ATP syn¬ thesis, an hypothesis supported by other evidence (Thomson & Brinster, 1966 ;  Thomson, 1967; Stern & Biggers, 1968 (Quinn & Wales, 1973) . Also, Menke & McLaren (1970) have shown that blastocysts developing in culture have a lower rate of C02 production than those obtained directly from the uterus. Recently, Nadijcka & Hillman (1975) have found that blastocyst development can be divided into four ultrastructurally distinct sub-stages. It is possible that the blastocysts of one specific sub-stage would have the same level of oxidative phosphorylation in utero and in vitro and that the reported differences reflect the levels of oxidative aerobic metabolism of different sub-stages. Further work on energy metabolism within and between the four sub-stages of the blastocyst will be necessary to establish the parameters and the control of ATP metabolism during blastocyst development.
